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1. Introduction 
Mg”-dependent phosphatidate phosphohydrolase 
activity in rat adipocytes is rapidly decreased by 
exposure of the cells to noradrenaline in vitro [ 11. 
It is unknown whether this effect relates to longer- 
term changes in this activity which have suggested a
regulatory role for this enzyme [2,3 J. In this study 
both insulin and propranolol (a /I-adrenergic blocking 
agent) have been found to inhibit the action of 
noradrenaline upon adipocyte phosphatidate phospho- 
hydrolase activity. Furthermore, insulin was observed 
to rapidly restore phosphatidate phosphohydrolase 
activity after it had been decreased by noradrenaline. 
2. Materials and methods 
Male Sprague-Dawley rats, 170-I 80 g, were used 
throughout. Chemicals were obtained and treated as 
in [ 1 J. In addition, bovine insulin (6 X recrystallized) 
was a gift from Boots Pure Drug Co. (Nottingham). 
Noradrenaline and propranolol were obtained from 
Sigma (London) Chemical Co. (Kingston-upon- 
Thames, Surrey). Sodium palmitate was obtained 
from Nu-Chek Prep. (Elysian, MI). Palmitate was 
bound to fatty acid-poor albumin as in [4]. 
Isolated adipocytes were prepared by the Rodbell 
method in [5]. Cells from 6 epididymal fat pads 
were suspended in final vol. 10 ml in Krebs-Ringer 
bicarbonate containing 10 mg albumin/ml. From 
this stock cell suspension 1 ml portions were then 
dispensed into siliconised 25 ml flasks and incubated 
with shaking at 37’C in total vol. 4 ml Krebs-Ringer 
bicarbonate containing albumin (40 mg/ml), unless 
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otherwise stated, under O2 t CO2 (95 : 5%). 
Other additions are indicated in the table and 
figure legends. After the desired incubation period, 
the cells were separated from the incubation medium 
and frozen in liquid Na [I]. Cells were stored under 
liquid N2 until extraction. Samples of incubation 
media were saved for measurement of glycerol and 
nonesterified fatty acids. 
Extracts from frozen adipocytes were prepared 
by homogenization in 0.8 ml ice-cold 0.25 M sucrose 
medium containing 1 mM EDTA, 1 mM dithiothreitol, 
10 mM Tris-HCl (pH 7.4) in an Ultra-Turrax homog- 
eniser for 3 X 10 s periods at 10 s intervals. The 
extracts were centrifuged for 1 min in an Eppendorf 
5412 centrifuge and the resulting fat-free homogenate 
used for enzyme assay. 
Samples of tissue extract, 50 ,ul, were assayed for 
phosphatidate phosphohydrolase (EC 3.1.3.4) activity 
in final vol. 0.5 ml containing 100 mM Tris-maleate 
(pH 6.8), 2.5 mM MgS04, 1.4 mM phosphatidate, 
1 mM dithiothreitol, 0.1 mM EGTA. The reaction 
was started by addition of tissue extract and incubated 
for 10 min at 37°C. The reaction was stopped by 
adding 0.5 ml 10% (w/v) trichloroacetic acid, pre- 
cipitated protein removed by centrifugationand 
inorganic phosphate in the supernatant determined 
as in [6]. The blank in each assay was prepared by 
addition of trichloroacetic acid before adding the 
tissue extract. The enzyme activity is expressed as 
nmol inorganic phosphate released/min/unit lactate 
dehydrogenase activity. This form of expression 
corrects for any incomplete cell recovery after incu- 
bation and for any incompleteness of cell breakage 
during homogenisation. 
Measurements of lactate dehydrogenase activity, 
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nonesterified fatty acids, glycerol and DNA were as 
in [7], [S], [9] and [lOJ,respectively. 
3. Results and discussion 
Incubation of rat adipocytes with noradrenaline 
has been found to cause a rapid, dose-dependent and 
time-dependent decrease in MgW-dependent phospha- 
tidate phosphohydrolase activity [ I]. The experiment 
shown in table 1 demonstrates the ability of insulin 
and propranolol to abolish the decrease in phospha- 
tidate phosphohydrolase activity produced by 
noradrenaline. In this experiment the antagonists 
insulin and propranolol were added at the start of 
the 20 min incubation. Both antagonists atthe tested 
concentrations had no effect upon basal enzyme 
activity. The blocking action of propranolol suggest- 
ed the involvement of a P-type adrenergic receptor 
in the action of noradrenaline upon the enzyme 
activity. 
Figure 1 shows a time course of the restoration of 
phosphatidate phosphohydrolase activity by insulin 
after 10 min pre-incubation of cells with 0.5 PM 
noradrenaline in the presence of 5 mM glucose. After 
addition of insulin, not only was the noradrenaline- 
dependent decrease in enzyme activity arrested, but 
a progressive increase in activity was seen leading to 
the reestablishment of the zero-time activity within 
20 min. In the 1 O-30 min time interval insulin 
increased the enzyme activity by 8.1 f 0.9 arbitrary 
units. It may also be seen that insulin promptly 
reduced lipolysis, as measured by glycerol release, 
and eventually promoted some removal of non- 
esterified fatty acids from the incubation medium 
(presumably by re-esterification). 
Figure 2 shows a similar experiment except for 
the absence of glucose from the incubations. Insulin 
again significantly restored the activity, although the 
rate of restoration was lower than seen in the presence 
of glucose. In this case insulin increased the enzyme 
activity by 5.3 F 1.3 arbitrary units in the 1 O-30 min 
Table 1 
Inhibition of noradrenaline action upon phosphatidate phosphohydrolase 
activity by insulin and propranolol 
Additions to 
incubation 
medium 
Phosphatidate 
phosphohydrolase 
activity 
Glycerol accumulation 
in incubation 
media (mM) 
None 45.3 * 2.4 0.02 t 0.00 
Insulin 
(200 ~units/ml) 46.4 * 2.1 0.02 f 0.00 
Noradrenaline 
(0.5 1rM1 26.8 f 3.1a 0.76 t 0.02a 
Noradrenalme (0.5 PM) 
+ insulin (200 ccunitslml) 46.8 i l.gb 0.07 f o.ooa*b 
Propranolol(2.5 PM) 45.8 f 2.7 0.02 f 0.00 
Propranolol(2.5 rM) 
+ noradrenaline (0.5 PM) 41.8 * 1.9 0.18 f O.Ola 
a Indicates P < 0.001 for comparison of noradrenaline-treated samples versus the 
appropriate controls 
b Indicates P < 0.001 for effects of insulin versus noradren~me-treaty controls 
Adipocytes were incubated for 20 min as described in section 2 with 5 m&i glucose 
and the indicated additions. The results are the mean * SEM of 4 separate xperi- 
ments. The mean adipocyte DNA was 7.47 &g/ml flask contents 
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time interval Ah, afGxqh add~~i~~ of insufin a@n 
diminished ~~~o~ys~s, the profife of no~~~~~~ed fatty 
acid a~c~m~atio~ differed from the ex~~rn~~t shown 
in fig.1 b The ~oss~b~ty was considered t&t glucose 
might facilitate the action of insulin on the enzyme 
by promoting fatty acid removal. Accordingly, the 
effect of fatty acid accumulation upon ph~sph~tidat~ 
ph~s~~ohydr~~as~ activity was investigated. 
Table 2 shows that pbospba~date ~h~s~~- 
~~d~~~ase activity was decresed ~i~~~ r incuba- 
tion of ad~~~ytes with p&r&ate for 30 min. This 
was chosen as a ~pr~entat~~e tong chain fatty acid 
to mimic the accumulation of these me%abo~~te~ af r 
~orad~e~~~~~ trea ent. As for the action ofnor- 
Fig& Effect ~f~~ul~~ on~~o~hat~date ~ho~~o~~d~o~~# 
a&&y ~re~ou~~ decreased by~ad~n~~ in the absence 
o~~u~~. ~oc~me and symbols as for F&l except &at 
ghrcose was omitted f*om libation_ The results are means 
f SEX of 4 sepamte xperiments. The meatl fat cell DNA 
was T-88 &ml flask contents. For ~hos~ha~dat~ phospho- 
hydralase activity, Versus zero-time value: P < 0.02 for 
20 min and 30 min values + insulin. Versus 10 min value: 
P < 0.05 for 20 min and 30 min values + insulin. 
adrenaline upon &he! nzyme activity, the rn~~~a~~~ 
r~o~~ble for tb$s decrease isunknown. ~cuba~jo~ 
for 30 min with 4 m&9 fatty acid only decr~se~ 
pbo~ba~datE phosphohydro~~ activity by - 26% 
whereas i~c~b~t~o~ with OS FM noradre~~~ for 
the same pedod resulted in - 40% decrease in aetitity 
and a final acc~rn~atio~ f - 4 mM nonesterified 
fatty acid (fIg.l), Incubation for 10 min with nor- 
adrenaline resulted in - 20% decrease in enzyme 
activity and an acc~rn~~~~on of - 1 mM fatty acids 
(ftg.1) Paimitate, 1 mM, on the other band was 
ineffective in this respect (table 2) It is conduded 
that fatty acid ~~~~rn~~~~~ m&&t con~~b~te in 
part to the ~~acti~~on f pbospbatidate p~os~h~- 
hydrous seen with ~o~~~n~~~ o~v~r~ mu& 
of the hormone action cannot be considered es 
being secondary to fatty acid accumu~a~~~. 
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Table 2 
Effect of incubation with palmitate on adipocyte phosphatidate 
phosphohydrolase activity 
Initial concentration Phosphatidase % Decrease in phosphatidate 
of sodium palmitate phosphohydrolase phosphohydrolase activity 
in incubation media (mM) activity 
0 40.8 f 2.0 - 
0.5 40.7 f 1.2 0.1 f 2.5 
1.0 39.5 * 1.8 3.2 f 2.7 
2.0 35.8 * 1.6a 12.2 f 0.7b 
3.0 34.7 f 1.3a 14.9 f 1.2a 
4.0 32.7 f 1.4a 19.8 f l.ga 
ayb Indicate P < 0.01, < 0.001, respectively, versus the control without palmitate 
Adipocytes were incubated for 30 mm as described in section 2 with 5 mM glucose, 
albumin (45.4 mg/ml) and the indicated concentrations of sodium palmitate. The 
results are mean f SEM of 4 separate xperiments. The mean adipocyte DNA was 
6.45 pg/ml flask contents 
Figure 3 shows that addition of propranolol also 
rapidly arrested the decrease in phosphatidate 
phosphohydrolase activity due to noradrenaline. 
The inhibition of lipolysis by propranolol was as 
great as that seen with insulin (tig.1). Although 
there was some restoration of phosphatidate 
phosphohydrolase activity after addition of pro- 
pranolol (tig.3), this was smaller than that seen 
after insulin addition. The enzyme activity was 
only increased by 2.5 + 0.6 arbitrary units in the 
lo-30 min time interval. It is likely therefore that 
at least part of the action of insulin on the enzyme 
activity is separate from its antilipolytic action. 
In conclusion, the rapid effect of noradrenaline on 
phosphatidate phosphohydrolase activity [l] is 
reversible by insulin treatment. In the main, the 
actions of noradrenaline or insulin do not appear to 
be attributable to their ability to increase or decrease 
respectively the accumulation of lipolysis products. 
Fig.3. Effect of propranolol on phosphatidate phospho- 
hydrolase activity previously decreased by noradrenalme 
in the presence of glucose. Adipocytes were incubated as 
described in section 2 with 5 mM glucose and 0.5 PM nor- 
adrenaline (closed symbols). After 10 mIn propranolol 
(2.5 PM) was added (open symbols). The results are means 
f SEM of 4 separate xperiments. The mean fat cell DNA 
was 8.16 fig/ml flask contents. (0, o) Ehosphatidate phos- 
phohydrolase activity. Versus zero-time value: P < 0.05 
for 20 mm value + propranolol;P < 0.01 for 30 min value 
+ ptopranolol. Versus 10 min value: P < 0.01 for 20 min 
value + propranolol; P < 0.05 for 30 mm value + propra- 
TIME (M/N). 
nolol. (u, 0) Nonesterifed fatty acids in incubation media. 
(A, A) Glycerol in incubation media. 
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